The coastal dunes at Braunton, North Devon, extend for about 3 miles (5 km) northward from the joint estuary of the Rivers Taw and Torridge and, rising in some places to over 100 ft (30 m) O.D., form one of the highest dune systems in the British Isles. To seaward, the dunes are fully exposed to the prevailing westerly winds, and at low tide the broad expanse of Saunton Sands provides a plentiful supply of wind-blown sand. The seaward part of the Burrows is a complex of dunes whose irregular ranges run approximately north to south parallel to the coastline; the highest crests are mostly to landward. The inland part of the dune system is low lying, with prominent sand-hills only locally; the lower areas of this region are flooded in wet seasons, as are numerous slacks between the high dunes.
general topography of the dunes and some of the communities with particular regard to the distribution of cryptogams. Some features of the dunes at Braunton have been discussed by Salisbury (1952) , especially with reference to edaphic -conditions. In the present study the primary aim has been to describe the chief plant communities and indicate some of the major ecological factors which influence their development and distribution on the Burrows. Mobile dunes are a prominent feature at Braunton, no doubt mainly because of the large supply of sand and the great exposure to the prevailing winds. On the mobile dunes, where Ammophiletum is characteristic as on other dune systems, there is a complex interplay of physical and biotic factors in which wind action modifies, and is modified by, the vegetation and dune structure. Many features of both vegetation and topography can be related to the opposing effects of wind and of stabilization by plants of the sand surface. Fixed dunes, typically bearing a fairly continuous, mossy turf, are in more sheltered positions, but even here blowouts are formed locally by the wind. Until recently, grazing and burrowing by rabbits have had important effects on the vegetation and the stability of the low . dunes. The stability depends primarily upon the plant cover, and measurements have therefore been made to estimate the protection afforded to the sand surface by different types of vegetation. In addition, an attempt has been made to assess the importance, both on mobile and fixed dunes, of distinctive edaphic factors, such as the availability of soil moisture and of mineral nutrients.
In the slacks and hollows stabilization depends primarily upon maintenance of the sand surface in a damp and immobile condition by the capillary rise from ground water. In these low-lying areas a variety of plant communities has developed; grasses, sedges, rushes and willows are dominant locally. The periodic flooding of these communities results from seasonal fluctuations in the water table. The level of ground water in the dune system has been specially investigated in relation to the distribution and development of the vegetation. Comparative studies of the chief communities and long-term observations of their changes in composition have been undertaken in order to throw &me light on the plant succession.
11. METHODS Most of the information was collected by senior students and staff of the Department of Botany, University of Bristol, during annual visits in mid-June from 1947 to 1957. In addition, visits by smaller parties were made in the autumn and winter of 1947 and 1955 and in the spring of 1948, 1951 and 1956 . A short description is given here of the methods used to build up a quantitative account of the chief plant communities of the dune system and their distribution in relation to the topography and the associated ecological factors.
(1) Mapping avzd surveyifig As a basis for field work, a map was prepared from a series of aerial photographs of the dunes taken in July 1947. From the mosaic (uncorrected) of photographs it was possible to recognize the major topographical features and some of the vegetation types, and these were represented on a map tracing. Supplementary information was obtained from Ordnance Survey maps (6 in. to 1 mile, Devonshire Sheets VIII S.W., S.E., and XI1 N.W., N.E., 2nd ed.). In certain parts of the dunes more detailed measurements were obtained from a series of levelled traverses and from plane-table triangulation. A comparison of these measurements with distances on the map tracing showed agreement to within 1-2%.
Eight levelled transects (TI-8) running across or along the dune system form the basis of a study of the topography. The position of these transects is shown in Fig. I . Along each, heights were determined by means of a 6 in. levelling telescope and staff. All heights were referred to Bench Marks 24.50 ft, 25.00 ft and 30.54 ft (Newlyn datum, 1951 revision). Distances were measured by survey chain or were determined optically by the use of a telescope graticule and levelling staff. The accuracy of the levelling along the main transects as judged by the 'errors on return' was within &0.1 ft.
(2) Water levels In view of the i~nportant direct and indirect effects of the level of ground water on the vegetation and its distribution, an extensive study was made of the water table throughout the dune system. At a limited number of sites, annual and seasonal fluctuations of water levels were investigated.
At convenient points along the transects and at a number of other surveyed sites, holes were dug down to the water table and, after a short period for equilibration, the water level was measured. Most of the measurements of the fluctuations of the water table were made at a series of holes along Transect 6.
(3) Quantitative estimates of the vegetation The primary aim was to analyse quantitatively some of the chief plant communities so that valid comparisons could be made on a numerical basis. Possible methods for an analysis of this kind, depending on the use of quadrats or other sample areas, have been discussed by Davies (1933) and more recently by Brown (1954) . In the present investigation, involving comparison of communities varying widely in height, density and structure, it was considered that an estimate of the relative proportions which the various species contribute to the total bulk (volume) of the vegetation was of greater value than assessments by other methods which have sometimes been used; there are serious difficulties in estimating frequency or percentage area in communities containing plants of creeping habit or several layers of vegetation. With some modifications, the technique used here is similar to that of Fenton (1933) except that instead of area we have used bulk, as in the estimated productivity method of Jones & Thomas (1933) . The procedure adopted is described below. In fairly uniform and clearly defined areas of vegetation, a number of randomly distributed rectangular frames were used to obtain a comparative estimate of the plant constituents. Where transitions between difierent types of vegetation were being studied, frames were arranged in sequence along a transect line. Usuall:; frames enclosing an area of 40 x 5 cm or of 30.5 x 15.25 cm (12 x 6 in.)
were employed. An arbitrary total of 10 units was divided by subjective estimation between bare ground and the vegetation. Bare ground and small, partly buried mosses were first scored on the basis of area, and the remaining units were distributed between the plant species in proportion to their bulk above ground. These estimates of relative bulk were made to the nearest 0.5 unit. For species not reaching a value of 0.5, no attempt was made to assess different quantities; they were all given an arbitrary score of 0.1 unit. By this method of scoring it was frequently not possible to bring the total exactly to 10 units, but all totals lay between 9.8 and 10.2. In fairly uniform vegetation at least ten frames were recorded by three or more pairs of observers. The scores were .totalled and the final figures expressed as percentages.
The reliability of this method has been tested in several ways. The reproducibility of subjective estimates by different pairs of observers scoring the same frame has been investigated on a number of occasions. In one such test each of five frames (30.5 x 15.25 cm) was independently scored by five pairs of observers; inspection of the results showed that, whereas individual scores frequently differed from the mean by as much as 0.5 unit, differences as great as one unit were only once encountered and then only for a species comprising nearly half of the total bulk of the vegetation. Some of these results are given in Table 1 . A further test carried out on this occasion indicates that the subjective estimates reflect fairly closely the contribution of the different species to the total weight of plant material. The test was made, after each frame had been scored, by cutting off all the species at ground level and determining, on a field balance, the total fresh weight of the plants. The contribution of each of the main species to this total mas also obtained, so that the relative proportions of the separate species could be calculated and compared directly with those estimated subjectively. As seen in Table I , there is a general parallel between the relative proportions determined by weighing and by the subjective method; there is, however, a tendency to overestimate the upper and more conspicuous components of the turf, such as Carex arenaria, whereas low-growing and inconspicuous species, such as Poa $ratensis ssp. subcaerulea, tend to be underestimated. The subjective estimates are, however, used mainly for comparative purposes and such errors are not serious.
In fairly open vegetation it was found that the estimates of the score for bare ground sometimes differed considerably when assessed by different observers. Fairly uniform results were, however, obtained after a number of trial frames had been scored by the various workers and a standard agreed. The best estimates were reached by viewing the area in the frame from a position 0.5-1 metre vertically above it; the ground not obscured by the vegetation, when viewed in this way, was considered to be bare. A further difficulty was experienced in scoring frames where Tortula ruraliformis was abundant. The amount of bare ground in such frames would be scored quite differently when the Tortula leaves were expanded under moist conditions and when they were dry and adpressed. All the estimates reported in this paper were made under dry conditions. The reliability which can be placed upon estimates based on a limited number of frames depends.largely on the type of dispersion of the constituent species. Sampling errors are likely to be greatest if there is over-dispersion (Clapham 1936) . Tests were therefore carried out in different communities to determine the number of frames necessary to provide a satisfactory analysis of the vegetation. One of the types selected was dry dune pasture, since in this community the species appear to be highly over-dispersed, in that here they commonly form a smallscale mosaic, and there are large local variations in the relative proportions of the chief species. Within a single compact community fifty frames were estimated, and from them a mean score, expressed as a percentage, and its standard deviation were calculated for some of the common species. A similar test was made on a damp pasture community in which much more even distribution of the species was apparent. The results of these tests are shown in Table 2 . The degree of dispersion was estimated by calculating the variance ratio (Clapham 1936) , and it is clear that in the dry dune pasture the ratio for all of the chief species greatly exceeds unity, thus providing evidence of over-dispersion in this community. In the damp pasture, however, the degree of over-dispersion is much less. The standard deviation (o) of the estimates in the damp pasture is generally lower and therefore fewer frames are necessary to provide a useful analysis of this vegetation. The precision of estimates based on different numbers of frames may be judged from a -calculation of the confidence limits to/1/N -1, which represent differences, unlikely to be exceeded, between the true mean for the community and that determined from N frames. The level of probability accepted here is 0.05, and values of t are taken from Fisher & Yates (1943) . As shown in Table 2 , the confidence limits, based on fifty frames, vary from 3.9 to 1.9 for the chief species of dry dune pasture, whereas for ten frames in damp pasture the corresponding values are from 5.1 to 3.5. I t has therefore been our general practice to base estimates of the more uniform communities, such as damp pasture, on not less than ten samples, and for dry pasture on twenty-five to fifty samples. Rectangular frames have been used exclusively because they are more efficient than quadrats for analysing communities of this kind (Clapham 1932) . Most of the estimates in dry dune pasture were made by means of 40 x 5 cm frames, but it was necessary to use frames of 30.5 x 15.25 cm in some of the dense vegetation found in damp situations. For convenience, frames of 12 x 6 in. (30.5 x 15.25 cm) or of 36 x 6 in. (91.5 x 15.25 cm) were used for estimates made on transects along a surveying chain.
The above methods for estimating relative bulk have generally been used for an analysis of communities forming a turf. Modifications of this method were, however, necessary for certain tall species. No attempt was made to include these species in bulk estimates, although an allowance was made proportionate to the area of ground occupied by the bases of the shoots. Other methods were used to obtain information regarding the distribution of these species; for example estimates of the distribution of Ammophila arenaria were based on counts of the number of living shoots in a given area (usually 91.5 x 15.25 cm), supplemented by measurements of height and scores for flowering and vigour. A similar procedure was adopted for Pteridium aquilinum, Jztncus acutus and J . maritimz~s.
At a few sites a more rapid method was used depending on subjective estimates by inspection of a fairly uniform area by a single experienced observer. Areas of about 100 sq. m were examined and a single scoring made on a percentage basis. The main conventions detailed above were followed; the abundant species were scored to the nearest 5 %, and the less common ones to 0.5 %. Species not reaching 0.5% were arbitrarily recorded as 0.1 %. Estimates made on the same sites by both the frame technique and the inspection method show fairly close agreement; only in a few cases did differences exceed 5%, and these large discrepancies were confined to species making up a substantial proportion of the vegetation.
The positions at which detailed investigations were made by the above methods or by transects were usually determined by means of a plane table and some are shown in Fig. 1 . At many of these sites the mean ground level was measured as well as its height above the water table.
(4) Soils Soil profiles were investigated at many of the sites where the vegetation was studied. Values of pH were determined on sand samples in the field by a Lovibond comparator, and tests for carbonates were made by a standard procedure with 8 Byaunton B~vvows: Dune System and Vegetation dilute hydrochloric acid. For moisture determinations, samples were collected, at measured depths, from freshly dug holes by the insertion of 10 x2.5 cm glass specimen tubes into the sand face. The samples, generally taken in duplicate, were sealed into the tubes by means of waxed corks and adhesive tape. Moisture content was estimated by drying to constant weight at 80" C.
After a preliminary examination of the chief soil types on the Burrows, a more detailed analysis of the soil was carried out at a number of selected sites, chosen to include the chief communities of the dunes and slacks. Soil from fourteen distinct types of vegetation was investigated. From each type, three samples of soil were taken, where possible from widely scattered but representative sites. The soil was collected at a depth of 10 cm in specimen tubes as described above. The three samples were bulked and thoroughly mixed for analysis. Small amounts of the fresh soils were taken for pH measurements with a glass electrode, and the remainder was dried at 80" C. Organic carbon was estimated by oxidation with chromic acid by the method of Walkley and Black (Piper 1942, p. 223) . The Kjeldahl method was used for estimations of total nitrogen after reduction of nitrates by reduced iron. Total carbonate was determined by displacement of carbon dioxide with hydrochloric acid: in part of the soluble residue calcium was precipitated as oxalate and titrated with standard permanganate solution; in another aliquot magnesium was estimated in an absorptiometer by a modification of the Titan Yellow reaction (AlIorgan 1941). A further soil extract in dilute sulphuric acid was used for the measurement of phosphate by the procedure of Fiske & Subbarow (1925) . In aqueous extracts sodium and potassium were estimated by means of a flame photometer, and chloride by titration with silver nitrate.
On account of the importance of particle size in relation to sand movement and soil formation, some measurements were made of the proportions in which grains of different sizes were present in sand samples collected from different parts of the dunes. The samples were first dried and then passed through a series of graded sieves, of which the mean sizes of aperture had been accurately measured. The proportion of the total sample held in each sieve was determined by weighing.
(5) Measzwement of wind velocity With a view to studying the action of wind both on sand movement and on the vegetation, some measurements of wind velocity were made by means of inclined tube manometers similar to those described by Ragnold (1954) . Five velocity (Pitot) tubes and one static tube could be attached to the apparatus, thus allowing measurements of velocity to be taken at five different heights or positions simultaneously. From measurements of the velocity gradient above the sand, made under comparable conditions (in westerly winds of about 20 knots), it was possible to estimate by extrapolation the height above the sand surface at which wind velocity fell to zero (Bagnold 1954, p. 49) . This height has been used as a comparative measure of the degree of protection from wind afforded by different types of vegetation. The distribution of rainfall during the year is shown in Fig. 2 , where the monthly averages for 1935-53 recorded at 'The Linhay' are plotted. Although the autumn and winter months are, on average, considerably wetter than those of the spring and early summer, it is evident that there are large fluctuations from year to year; dry months with less than 1 in. (25 mm) of rainfall occur in any season, although exceptionally high rainfalls are generally found in the autumn and winter months only. I t may be noted, however, that in no single month from 1944-53 was there a complete absence of rainfall and it seems probable, therefore, that periods of 6 weeks' drought which are sometimes recorded for the Burrows (Salisbury 1952, p. 183) are infrequent. Mean totals for 3-monthly periods are shown in Table 3 , and illustrate clearly the seasonal variations of rainfall. I t can be seen that consecutive periods of 3 months of low rainfall may occur in the spring and summer, while in the autumn there may be prolonged periods of high rainfall. These seasonal variations have a bearing not only on the availability of water to plants on the high dunes but also on the mobility of the sand. In addition, these variations affect the level of ground water and the incidence of flooding in low-lying areas (see Part 11,Section VII (3)).
The records taken at Chivenor for the five-year period June 1949 to May 1954 have been analysed to investigate the distribution of winds with regard to direction and speed. Owing to its close proximity to the Burrows, this station probably reflects fairly closely the wind regime of the dunes, although tending to underestimate the wind force on the exposed fore dunes and the high dune ridges. The investigation was based on the measurements taken at fixed hours on four occasions daily (0 h, 6 h, 12 h, 18 h), direction being recorded to the nearest 10 degrees and force to the nearest knot (1.85 km/h); the data were taken from the Daily Weather Report of the Meteorological Office. The analysis was confined to winds of force 10 knots or above, since only these winds are likely to have important (Figs. 3 and 4) . Fairly strong winds are common, and in over half (52.3%) of the total number of observations wind speeds of 10 knots or above have been recorded. Fig. 3 shows that strong winds blow predominantly from the west and are fairly uniformly WIND DIRECTION distributed within the quarter south-west to north-west. Winds from the other three quarters collectively constitute only 50.0 % of the total winds recorded, the chief components blowing from the south, east-south-east and north-north-west. An analysis of the seasonal distribution of the winds (Fig. 4) shows that most of the very strong westerlies occur during the autumn and winter. In spring and summer, winds in the 10-14 knots category are common and the direction and daily occurrence of these indicate that they are land and sea breezes associated with thermal gradients. Sea breezes are a particularly consistent feature of the summer months and, although not powerful, they are generally associated with dry conditions and may therefore be of some importance in sand movement. The frequency of winds of 10 knots or above is almost the same in spring, summer, autumn and winter, so that extensive sand movements may take place in any of these seasons. Although the strongest winds generally occur during the autumn and winter, these seasons are usually wetter and the sand is then less mobile.
From the data considered above it is possible to estimate the direction and extent of the sand movement caused by wind. As discussed by Bagnold (1951) and by Landsberg (1956) , a comparative measure of the sand-carrying capacity of the winds from different directions is given by an expression of the form A~( V -V~)~, where A is a constant associated with the volume of sand, n is the number of occasions on which wind is recorded in a given direction with speed v in knots, and Vt is the threshold wind velocity for sand movement, here taken to be 10 knots. For present purposes the constant A in the above expression was disregarded since only relative directions and values were required. As winds of high velocity are of great importance in sand movements, those in the highest category, 30-45 knots, were also analysed into 5-knot classes. The winds were classified by their direction into twelve categories, each covering 30 degrees. The resultant direction and sandcarrying capacity were calculated either by vector polygons or mathematically. The results, based on the data for five years, are summarized in Table 4 . The high potential for sand movement in the strong winds of the autumn and winter seasons is evident; about 70% of the total movement of sand can be attributed to winds in these seasons if no account is taken of the stabilizing effect of rainfall. However, the resultant direction of the winds is very similar in all seasons, varying only from 1" 30'-1 1" S. of IV.
(3) Tem$eratzwe
Air temperatures at Chivenor show the relatively small seasonal differences to be expected on the west coast. The mean daily maximum for the period 1949 to 1955 is 57.2" F (14.0" C); it varies from 45.8" F (7.7" C) in January to 68.7" F (20.4" C) in July. The mean daily minimum for the same period is 45.9" F (7.7" C), varying from 37.0" F (2.8" C) in February to 55.2' F (12.9"C) in July and August.
Ground frosts in the late spring are infrequent, and, on average over 1949-56, less than two frosts occurred in May.
IT' . SOILCOMPOSITION AND DEVELOPMENT I N RELATION TO T7EGETATION
Throughout the Burrows the soils are formed from wind-blown sand with a fairly high content of calcium carbonate, derived mainly from shell fragments. Tests carried out in many parts of the Burrows showed the surface layers of the soil to contain free carbonate and to be alkaline in reaction. The physical properties of the
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Byaunto~ Buvyows: D u~e System and Vegetation soil, influenced by the size of sand particles, vary appreciably from place to place. Local variations undoubtedly arise from grading of the sand by wind. In exposed sites the fine particles are carried inland, leaving a surface layer of coarse sand. Sometimes this layer becomes buried by a fresh deposit of finer particles, leading to the horizontal layering of coarse and fine sand often observed in profiles.
The variation in the mean particle size which may be found in different parts of the dunes can be seen from Fig. 5 , which illustrates three representative grading diagrams. These indicate that the Ammo@hiLadunes are built from a fine sand fraction, whereas in blow-out% coarse particles predominate. Physical differences which result from wind grading are probably accompanied by differences in chemical
Grain sire Mean d~amefer (mm log scale) Fig. 5 . Grading diagrams for sand samples from three different situations a t Braunton Burrows. For each of the three samples the graphs show the proportion of sand having a particular grain size. This proportion is expressed by the parameter N, which is the percentage of the total sample which falls in a given fraction, divided by the difference between the logarithms of the maximum and minimum particle sizes in that fraction (see Bagnold 1954, p. 113et seq.) . The samples illustrated are as follows: (a) Fine sand from among Ammofihila shoots on the lee slope of the main line of dunes. (b) Medium sand from the shore above high water mark. (c) Sand from the erosion face of a blow-out and containing two components, a coarse fraction left on the surface by wind sorting and a medium sand from below.
composition, and local variations in both chemical and physical properties may have an important influence on the vegetation and on soil development. Well-defined soil profiles are developed only in the more stable sites; in seaward parts of the Burrows and on the high dunes the sand is too mobile for soil formation. In landward sheltered areas, two distinct types of soil development can be recognized, one on the dry dunes and the other close to the water table. On most of the dry dunes relatively little accumulation of humus occurs and the upper horizon of the soil consists of a narrow humus-stained band 5-15 cm deep. Much greater accumulations of humus are found beneath the dry dune scrub, where a surface layer of 3-4 cm of highly organic soil is commonly present. In many of the dry dune soils a dark accumulation zone, usually about 5 cm thick, occurs at a depth of about 30 cm. In the upper part of this zone the humus-stained sand is somewhat consolidated, indicating incipient pan formation, which is particularly evident in the 'grey' dunes, rich in lichens, to landward. These consolidated' accumulation zones sometimes occur on fairly high dunes and, when exposed in blow-outs, often persist, the compacted sand being more resistant to erosion by the wind. On account of their relationship to the surface contours of the dunes and the absence of plant remains, it is very unlikely that they represent earlier soil surfaces buried by blown sand, such as Farrow (1919) described in Breckland.
The soils in the slacks and hollows are characterized by gleying which extends to the upper parts of the profiles. Except in the slacks nearest to the sea, appreciable accumulation of humus and staining of the upper layers of sand occur, especially in communi.ties dominated by willows or by Carex nigra. Here a highly organic upper horizon of up to 10 cm is commonly found, with humus-stained sand down to 25 cm. Many of these gley soils have a very compact zone, usually about 30 cm from the surface, which is only with some difficulty penetrated with a spade. I t has no accumulation of humus and appears to result from the aggregation of fine particles, possibly under the influence of salts carried upwards by the fluctuating water table.
Chemical analyses of soils taken in June 1956 from some of the chief communities found on the Burrows are summarized in Table 5 . This includes examples from both dry and wet habitats, each series being arranged roughly in order of increasing stability, extending from the mobile dunes and slacks near the sea to the well-established vegetation landward. The analyses throughout are made on samples taken at a depth of 10 cm. At this depth all the soils are calcareous and range in pH from 9.0 on the fore dunes to 8.0in the scrub. With increasing stability there is, in general, a fall in pH which is related to several other features of the analyses, notably the increase of humus, as indicated by organic carbon and total nitrogen. In both series, total carbonate shows a considerable fall, probably as a result of leaching, particularly in some soils of ,the dry dunes. Here the carbonate content (expressed as CaCO,) varies from 20.0 % on the fore dunes to 8.5 q/ , in the scrub. The analytical data show that most of the carbonate is .combined with calcium; much smaller quantities of magnesium and other carbonates are present. Only the soil from the seaward side of the fore dunes is appreciably saline. The fore dunes are exposed to salt spray and sand freshly blown from the beach; besides the high sodium chloride content, much greater quantities of potassium are present here than in any of the other soils. Compared with the sand of the mobile dunes inland, that of the fore dunes is also richer in organic carbon and total nitrogen, probably as a result of incorporation of shore-line debris. A general feature of most of the dune soils is their very low nitrogen and potassium content. In the more stable soils rich in humus, larger quantities of nitrogen and potassium are retained in the upper layers. I t is probable that the low level of these nutrients limits the fertility of the soils, particularly on the dry dunes.
Many of the features of soil development on the Burrows are similar to those recorded for other sand dunes. The ecological importance of leaching and humus accumulation has been discussed by Salisbury (1952) withparticular regard to the pH, water relations and physical properties of the soil. The data of Table 5 confirm the observations of Salisbury (1952) that extreme leaching to give acid soils does not occur at Braunton. Several factors may contribute to the calcareous nature of the soil even in the most landward of the fixed dunes. The calcium , , $ $ 9 cp Slack near sea carbonate content of the sand supply is considerably higher than that of many British dunes which have been investigated. I n addition, the mobility of much of the dune system at Braunton, discussed later, results in extensive redistribution of sand which makes the effects of leaching less apparent.
V. TOPOGRAPHY OF THE VEGETATION AND THE DISTRIBUTION
A general account of the position and topography of the Burrows has been given by Watson (1918) . As shown in Figs. 1 and 6 , they occupy an area of approximately 3 sq. miles (800 ha.) forming a ~o a s t a l belt running from Saunton Down in the north to the confluence of the Taw and Torridge in the south. Landwards to the east is the low-lying Braunton Marsh, most of which has been drained and is used for agriculture. To the west the dunes are bounded by the gently shelving beach of Saunton Sands.
The topography is dominated by a series of irregular lines of dunes running approximately north to south parallel to the coast. The general form of dunes may be seen from the five profiles, constructed from levelled traverses and shown in Fig. 7 . The greatest development is reached in the central sector, where the highest dunes often exceed 100 ft (30 m) O.D. and three or four irregular ranks can usually be recognized, separated by low-lying slacks. To the north and south of the central sector the lines of dunes are less well developed; in the north, partially protected by Saunton Down, the dunes are generally lower, while on the exposed southern flank often only two ranks can be distinguished, the landward consisting of a series of parabolic dunes, running back alongside the estuary. Some of these features may be seen from Fig. 6 , where the representation of conspicuous tussocks of marram indicates many of the main crests. Three incomplete lines of interdunal slacks are also shown on the map.
There are several important differences between the present account of the topography and that given by Watson (1918) . I t seems unlikely that these differences reflect real changes, and they probably arise because the sketches made by. Watson were presumably not based on a detailed instrumental survey. In the single profile he shows only two lines of dunes, whereas usually there are three or four. Moreover, the dunes are built up on a domelshaped terrain, as shown by the profiles in Fig. 7 , rather than an evenly grading slope from Braunton Marsh to the sea. Even the low-lying parts in the centre of the dune system are 15-20 ft (4.5-6m) higher than the seaward and landward margins at Saunton Sands and Braunton Marsh.
Landward of the main dunes, covering about half of the present area of the Burrows, is a region of lower relief. I t consists of a complex af small, usually fixed dunes with intervening hollows which often form extensive low-lying areas liable to flooding. No attempt has been made in Fig. 6 to map the full complexity of the vegetation of this area. At the northern end the Saunton Golf Course has been constructed and the natural drainage and vegetation have been altered. Along the eastern border, some of the land has been enclosed for cultivation, but in the central and southern sectors much of it remains relatively natural. In the extreme south the landward turn of the main dunes restricts the area and, near the estuary, mobile dunes extend inland almost to Braunton Marsh.
At the southern end of the Burrows it is probable that the supply of sand and the building of dunes along the foreshore have been influenced by changes in the course of the river. There is some evidence of a northward movement of the river channel (McFarlane 1955) and this could account for the tendency for coastal erosion to occur along the south-westem flank of the dunes. The absence of very active building in the fore dunes in this region is attributable to the northward turn of the estuary, which limits the area of sand exposed at low tide.
'
With regard to water levels in the Burrows it will be seen from the profiles in Fig. 7 that in the centre of the system the water table is maintained at a much higher level than at the landwqrd and seaward margins. The form of the water table is more fully shown in Fig. 8 . As indicated from the contours of ground water the highest levels are found in the central part of the dunes where there is a very low gradient; this gradient steepens in coastal and landward directions. At its highest point the table is approximately 20 ft (6 m) higher than that at the margins of the Burrows. A domed water table of this kind is commonly associated with isolated drainage systems in granular deposits; the hydrology of the latter has been discussed by Tolman (1937) . In systems of this type the volume of water percolating through the sand increases from the centre to the margins, since this volume depends upon the size of the catchment area. As a result, steeper gradients are found towards the margin of the dome where there are greater movements of water through the sand. Many of the features of the ground water system of the dunes can be interpreted along these lines. The data of McFarlane (1955) indicate that the dunes are built up on a sand deposit lying on a rock platform at about 20-30 ft (6-9 m) below Ordnance Datum, and at least along the seaward margin the drainage is not complicated by impervious layers overlying the rock. In the present investigation i t has been shown that the gradients of ground water towards the beach in the tion of shingle in the sand in this part, resulting in greater permeability. On the other hand, steep gradients are generally observed towards the Boundary Drain; it is reasonable to suppose that the permeability is lower in this region of transition between the dunes and alluviil marshland. At the northern end, the golf course has been drained artificially and, although relatively few data have been obtained, there is evidence that the water table has been appreciably lowered in this area. A further effect of this drainage has been to cut off all water derived from Saunton Down so that the southern half of the Burrows now constitutes an independent drainage system in which the level of ground water is determined mainly by rainfall, evaporation and the rate of percolation through the sand. As discussed in a later section, the seasonal variations of water level are closely correlated with rainfall, and it has been possible to estimate from the rainfall figures the extent to which different parts of the Burrows are subject to flooding. A striking feature of the topography, apparent from the profiles of Fig. 7 , is that, with the exception of the dune ridges, the ground level follows closely that of the water table. There is little doubt that this is a reflection of the greater immobilization of the sand near to the water table. I t is most obvious in the fore-dune area where the bare floor of the slacks is of wet sand with a slope parallel to that of the ground water. Both the gradient and the level at which the slacks are stabilized are therefore closely related to the water table. In these parts, ground water rather than the vegetation seems to be the primary agent in stabilizing the sand surf ace.
In coastal areas the formation of parallel dune ranges with intervening slacks is generally attributed to the progressive building of the dune system in a seaward direction (Tansley 1949, Salisbury 1952). Such systems are usually associated with a prograding shore (Steers 1946, ch. XIII). When a new line of dunes is formed on the seaward side, the supply of sand is cut off from the adjacent landward range so that it ceases to grow in height and, protected by the new fore dunes, becomes stabilized by vegetation. Thus the dunes, once established, form a regular succession of fairly static ranges.
While some dune systems are relatively stable, much greater mobility clearly prevails in the Braunton dunes at the present time. Although it is possible to recognize irregular lines of dunes running approximately parallel to the coast, none of these dunes is fully stabilized by vegetation. Wide breaches of the dune ranges by blow-outs, with the formation of parabolic dunes (cf. Steers 1946, p. 506) and the return to a highly mobile state, are conspicuous features at Braunton.
There is some evidence from earlier descriptions (e.g. Risdon 1811 *, Watson 1918) and photographs (e.g. Salisbury 1952, Plate XXVI, photographed in April 19387) that the dynamic character of the system is not solely a result of recent military activity but is long standing. In fact, the dunes at Braunton have many features * St. Anne's Chapel, formerly on the southern part of the Burrows, ' . . . is solitarily situated, and very near the sea, yet doubts not drowning, so much as the swallowing up of the sands, driven by drifts of the north-west winds, stirring storms, and playing the tyrant in this tract ... ' (Risdon,p. 339).
t Personal communication. in common with those of the coastal parts of Holland described by Van Dieren (1934) ; most of the dune forms recognized by him as part of a developmental sequence (see Van Dieren 1934, p. 212; Chapman 1949) are to be found in the dune system at Braunton. I t is apparent that many of the interdunal slacks are formed from blow-outs, and even where they have become vegetated their probable origin from blow-outs is indicated by the close relation to the level of ground water as discussed above. Some of the slacks between the dunes are as much as 30 ft (9 m) above O.D.; their direct formation from the open shore simply by the building of embryo dunes to seaward would imply a considerable change in sea level since their enclosure. At Braunton the dunes usually form a graded series increasing in height in a landward direction. The fact that some of the dunes reach a height of over 100 ft (30 m) O.D. and that these high dunes are more common in the landward dune lines clearly suggests that they are, in part, formed from the aggregation of mobile dunes rather than from a single phase of growth before being cut off from sand supply by the extension of the system seaward. Although it is possible that changes in relative heights of the land and sea in the past led to a phase of seaward development of the dunes (cf. Steers 1946, p. 217) , there is no clear evidence of seaward spread in recent times. A detailed comparison of Admiralty Charts (published 1839 and 1953) of the Barnstaple and Bideford coastline, based on surveys in 1832 and 1949-51, has been made, in which coastal changes exceeding a distance of 50 ft (15 m) would be readily detected. These charts show that, apart from minor local differences, the general run of the seaward margin of the Burrows has not altered appreciably over the last 120 years.
Under present conditions, therefore, much of the system at Braunton appears to consist of a complex of advancing parabolic dunes in which the more seaward tend to catch up and aggregate with the more protected ones further inland. There is no evidence that stable dunes higher than about 50 ft (15 m) O.D. are formed at present in exposed positions in the fore dunes; in these parts there is a predominant tendency for the higher dunes to be eroded and broken down into a system of parabolic dunes in which it is often impossible to recognize a well-defined range. A similar instability and landward movement of the fore dunes, resulting in a characteristically chaotic relief, has been described by Holmes (1944, p. 260 ), and appears to be a common feature of many large dune systems on the west coasts of Europe. The topography and vegetation of mobile parabolic dunes at Braunton will be described in greater detail in Part 11, Section VII (1).
VI. A CLASSIFICATION AND OUTLINE OF T H E VEGETATION
A classification of the chief plant communities in relation to topographical features is summarized below:
